The extant research on linguistic interactions in scientific inquiry has focused solely on the quantitative analysis of the verbal interactions among the students and poses limitations to investigating the internal characteristics of such interactions. This paper presents connections among the members of a student group based on its interaction patterns and size to find out the ideal size of a student group in order to allow the student to have optimum participate in the group interactions. In this regard, this study sought to analyze the patterns of verbal interaction that occur during inquiry activities using social network analysis (SNA). 144 first-grade middle school students in science class in South Korea were participated and organized into small groups with three to six members each, and the language network of the 32 small groups that were thus formed was analyzed. The conclusions of this study are as follows: (1) the groups of students formed in school for learning activities should consist of only three members each to avoid alienation among the members, and (2) in student groups with four or more members each, there are many participation-type interaction structures that can be used if there is a group leader. The interactions among students within small learning groups can allow them to fully understand other students' opinions which may otherwise not be very clear, and to solve a problem after considering all the opinions students have expressed, and support the effective learning by positive interactions among the members.
INTRODUCTION
Interaction is a necessary activity for human beings to connect ideas and knowledge building. The view is also supported by Vygotsky's social constructivism that suggests knowledge formed and acquired through active interactions with members of society, such as one's colleagues or adults, rather than through individual cognitive activities (Vygotsky, 1978) . Through active interaction, students form knowledge and construct new ways of understanding in the process of exchanging opinions and negotiating with others (Howe, Rodgers, & Tolmie, 1990; Palincsar, 1998) . In addition, interaction not only helps reduce students' fear of expressing their opinions to induce active participation and helps develop their logical reasoning abilities but also contributes to knowledge formation and problem-solving (Lumpe & Staver, 1995) . Therefore, it can be said that interaction plays an important role in learning.
In addition, the interaction among the students constituting small groups formed for learning activities has advantages in that it allows the students to understand the otherwise unclear opinions of other students fully and to solve a problem after considering all the opinions expressed (Alexopoulou & Driver, 1996; Johnson & Johnson, 1985; Palinscar, 1998) . Therefore, to learn effectively, it is essential to encourage active and positive interactions among the members of small student groups formed for learning activities.
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In particular, inquiry activities, which are mainly used as methods of scientific learning, are processes for solving problems through suggestions from the members of the small groups formed for such inquiry activities; through the processes of acceptance, criticism, revision, and consultation among them; and through the learnercentered activities that they carry out, in which interactions are important (Driver, Newton, & Osborne, 2000) . Inquiry activities provide the members of the small student groups formed for such purposes with opportunities to actively and critically exchange various assertions and opinions among themselves; their importance to inquiry learning, which overcomes challenges through collaborative interactions within the small student groups, has been emphasized in the science curriculum (Ministry of Education, Science, and Technology, 2010) . According to one report, the fewer the interactions among the members of small student groups formed for scientific inquiry activities, the more difficult it is for the students to improve their understanding of the subject matter being taken up (Nattiv, 1994) . In other words, the quality of interaction among group members might be a strong predictor of students' learning outcomes in scientific inquiry activities (Cheng, Lam, & Chan, 2008) . Therefore, it can be said that the formation of small student groups is an important factor that should be considered when planning effective scientific inquiry activities, as it can allow active interactions to occur in such activities.
As the formation of efficient small student groups is important, there has been vigorous debate on how students should be grouped in learning (Cheng, Lam, & Chan, 2008; Kyza, Constatinou, & Spanoudis, 2011) . Above all, various methods have been proposed to determine the appropriate size of a student group or the number of people who should constitute the group (Jang & Kim, 2017) . In this context, Brown (1993) said that the student groups formed for a scientific inquiry activity should consist of fewer than six members each, and Johnson and Johnson (1989) claimed that such groups should consist of two to six members each, but that a four-member group would be most effective. Slavin (1987) also showed that a two-, three-, and four-member students group would help improve the students' ability to conduct. The research results also showed that a three-or four-member student group would help improve the students' ability to conduct inquiries (Kim, 2009; Kim & Kim, 2004) . Most studies on the appropriate size of a student group formed for a scientific inquiry activity, however, dealt mainly with the relationship between the size of the group and the members' ability to conduct inquiries, and there is a dearth of research on the interaction patterns among the group members. Therefore, it is important to analyze the verbal interaction patterns among the group members according to the size of the group because this may provide additional clarity about why the size of a student group formed for an inquiry activity can influence the students' ability to conduct inquiries.
The interactions among students are mostly carried out using language, which is the outcome of personal thinking (Ernest, 1994; Hennessy, 1993) . Many studies have been conducted to analyze the verbal interactions among the members of small student groups carrying out scientific inquiry activities (Anderson et al., 2001 ). However, most of these studies were based on the linguistic analysis framework and were limited to a quantitative analysis of the verbal interactions among the students, thereby posing limitations to identifying the internal characteristics of the interactions among the members of the small student groups in the inquiry process .
Recently, social network analysis (SNA) has been used to overcome the limitations above (Hansen, Shneiderman, & Smith, 2009) . SNA is a technology that quantitatively analyzes the interactions that occur among the members of a group when communication or information exchange takes place. It visualizes the interaction patterns of the group through a picture consisting of dots and lines (Derfel & Sonnaughton, 2009; Storberg-Walker & Gubbins, 2007) .
It can be seen how each member of a small group is connected to the other members, or how all the members are related to one another. It helps in intuitively determining if any member plays a central role in the group or if there is an alienated member, and who the central or alienated member is . Kim and Kim (2015) analyzed the types of interactions occurring in inquiry activities through social network analysis. The study
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• Provides linguistic interactions in scientific inquiry through the quantitative analysis of students' verbal interaction.
• Analyzes the patterns of verbal interaction that occur during inquiry activities using social network analysis (SNA).
• The findings of this study indicate that the groups of students formed in school for learning activities should consist of only three members each to avoid alienation among the members.
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3 / 14 presented eight types of interactions shown by gifted students. Another study by Kim (2018) with general students presented 13 types of interactions including seven types of interactions with alienated students and six types of interactions with all students. The previous study analyzed only small groups of five students and found that some students could not join the interaction. Based on this result, they suggested the research questions on the sample size which allows all students to join the interaction (Kim & Kim, 2015) . Therefore, this study sought to analyze the characteristics of the interaction patterns of small groups of general students by adjusting the size of such groups. This would help determine the kind of connections present among the members of a small student group based on its interaction patterns and size and would indicate the ideal size of a small student group in order to allow the student members to participate meaningfully in the group interactions.
METHODS
Participants
The participants of this study were 180 first-grade (male 52.1% and female 47.9%) students in middle schools located in Daegu City in South Korea. The school in this study have a relatively higher academic achievement than other schools, and the students are highly motivated to study.
They were split up into small groups with three to four members each (70 students in the first grade of D Middle School) and small groups with five to six members each (110 students in the first grade of K Middle School). Of the 40 small groups, 8 cases were excluded from the analysis because the students turned off the recorder in the middle of the class or had trouble hearing due to the excessively loud background noise, or because the recorder's sound quality was not good enough for analysis purposes. Thus, 32 groups (144 people) were selected as analysis subjects. The small groups were made to consist of three to six members each based on the studies of Brown (1993) and Johnson and Johnson (1989) . As these studies suggested that two-to six-member groups are expected to have only one type of interaction in a straight line, such groups were excluded from this study.
Procedures
The class was conducted in the general circumstances related to science classes in South Korea, in which the teacher lets the students identify the learning content, presents the learning goals to the students, and creates a classroom atmosphere that is conducive to learning. After the teacher explains the basic concepts to be learned and the experimental procedures and methods to be employed, the students proceed with the inquiry activities. In this study, the process that was employed in the students' inquiry activities was recorded for analysis. The content of the inquiry activities is as follows. The three-to four-member groups measured the specific heat capacities of metals like copper, iron, and aluminum through an experiment, and the five-to six-member groups performed the experiment on the photosynthesis of hydrilla.
Data Collection and Analysis
Data collection
In class, either a voice recorder or a cell phone with a recording function was used for recording purposes. Either one was set up at the center of the experimental desk for each small group to record its experimental inquiry activity. Camcorders were installed in front of the classroom, at an angle that could capture images of two groups or more per camcorder, so that the speaker could be identified if he/she could not be distinguished by voice. Before each class, the teacher informed the students that the recorded content would be used only for research purposes and then asked for the students' consent and cooperation.
To create a database containing information about each material, the recorded media files were transferred from a recorder or camcorder to a computer and then transcribed using Microsoft Word. However, cases in which the students' voices were not recorded because the students covered the recorder, or in which the students' voices could not be recognized due to the confused babble or background noise, were excluded from the transcription.
To evaluate the quality of our data, we assessed the validity of task used to measure students' interaction with three content experts in science education. Reliability of the measures was assessed using inter-rater reliability where the observer (in-service teacher) and experts as reliable rater agree with the official rating of performance which based on the frequency of utterances and responses made in the verbal interactions that occurred. By using Cohen's kappa measures, the result was exceeded by 0.8 (Cohen's kappa > 0.8).
Data analysis
The frequency (i.e., number of times of occurrence) of verbal interactions was measured based on the transcribed content. Only the verbal interactions among the members of each small group were recognized as interactions, and the soliloquies of individuals and the interactions with the teacher or with the members of another small group were excluded. The frequency of interaction was organized as the data of a matrix consisting of "person-to-person interaction."
To exhibit the structure of the interactions among the members of each small group, the data were converted to binary matrix data. The cut-off value that was used to convert the data to binary matrix data was based on the average interaction frequency in the previous research .
The converted binary matrix data were visualized using NetMiner 4, a software tool for SNA. NetMiner 4 identifies the utterance-response relationship of binary data and graphically depicts the structure of the interactions within small groups. In this study, the network data were visualized using the Spring-Eades algorithm, which can be utilized in NetMiner 4. The Spring-Eades algorithm has the advantage of being able to easily identify the interaction structure because it allows the nodes present in the matrix to be located close to one another and clarifies the relational structure of each node from a relative viewpoint (Choi & Choi, 2010) . Figure 1 shows the interaction patterns that appeared in the three-member groups. The most common interaction pattern type in the three-member groups was that showing a linear structure rather than a geometric figure (Figure 1a, b) . This type appeared in six of the eight three-member groups, accounting for 75% of the total. In the linear-structure interaction pattern type, one student actively interacts with the two other students in a meaningful way, but the two other students do not show frequency of meaningful interaction with each other and are thus connected on both sides, while one student is in the center.
RESULTS
Three-Member Groups
For the linear structures, all the four groups showed type 3A, in which the student playing a central role has a two-way (utterance-response) interaction with the other students. That is, in most cases, one leader led the inquiry activities while maintaining proper two-way interaction with the two other students. A look at the interactions in the small groups that showed the type-3A linear structure will indicate that student A alternately interacted with students B and C, and led the inquiry activity (Case 1). The two remaining groups out of the six groups that had a linear-structure interaction pattern type showed a structure in which a student playing a central role performs two-way (utterance-response) interaction with one student but shows one-way (utterance) interaction with the remaining student (Figure 1b) . This structure appeared when the student forming a one-way interaction with the central student was passive or distracted in the course of the inquiry activity.
A look at the interactions in the small groups with a type-3B interaction structure will show that although student C mentioned an irrelevant issue, the remaining two students began to concentrate on the inquiry activity again when student C also gave responses related to the inquiry activity. This suggests that if two members of a three-member group concentrate on the inquiry activity, they are carrying out, the remaining member cannot continue uttering irrelevant things by him/herself alone and will thus be forced to participate again in the inquiry activity. Therefore, it can be confirmed that even if one student is not active in an inquiry activity, a three-member group is likely to form a participation-type interaction structure rather than an alienation-type one as another student forms a response relationship with the student leader.
Another type of interaction structure appeared in two of the eight three-member groups, showing a triangle structure, where all the members of the group interacted with one another (Figure 1c ). This type of interaction structure can be seen when all the members of a three-member group actively participate in the inquiry activity they are undertaking. This type also shows that the three students form interaction relationships with similar frequencies regarding both the frequency and directionality of their statements and that two students respond to one student's remarks at the same time.
Type 3-4 and 3-B showed a similar structure; but two were differentiated based on whether the center student has the two way interaction with other two students. In type 3-B, there were students who were not active in inquiry activities. The type of verbal interaction structure that appeared in the three-member groups was the participation type, in which there were no alienated members. This result is in line with those of studies (Kim & Kim, 2004; Lee, 1995) that suggested that a small student group should be made to consist of only three members so that all the members could actively participate in the inquiry activity they were undertaking through a reduction of the number of alienated members.
It was also noticed that in five of the six groups that showed a leader-centered linear interaction structure, the student who acted as the leader was the first student to make an inquiry-related comment after the start of the inquiry activity. Although it was likely that the student at the center of the interaction made more comments than the other students and delivered the initial remarks, it was confirmed that taking the initiative in inquiry activities also positively affects the interactions in the group. Figure 2 shows the interaction patterns that appear in four-member groups. The most common type of interaction pattern among four-member groups shows a radial or similar form as one student takes the lead and the three other students interact with one another (Figure 2a, b) . This type was found in four groups, accounting for 50% of the eight four-member groups. It was also confirmed that in this interaction pattern type, even if some students are passive in the inquiry activity, they have meaningful interactions with the student who acts as the leader, forming a participation-type interaction structure. Concerning the degree of centrality, the student positioned at the center has the highest value (3). Three of the four groups in this study that showed this interaction structure type had a complete radial structure (type 4A), with no interactions among the students except with the leader, and the remaining group exhibited a structure with a small triangle on one side (type 4B) as two of the three students (not the leader) interacted with each other. The interaction patterns of the small groups with the type-4B interaction structure also showed mostly similar aspects. Despite interactions between the two students who were not the leader, the leader was found to take the lead in the inquiry activity in the whole structure. This interaction structure type is different from type 4A as some of the students constantly interact in pairs to create a meaningful
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6 / 14 interaction relationship. A look at the interaction example in Case 2 will reveal that student B, who played a central role in the inquiry activity, led the activity by helping the other members write their reports and informing them of matters requiring their attention, and the other students asked questions about the information on the inquiry activity that the leader gave them and about how to write a report. This can be said to be an example of a typical leader-centered interaction pattern. Two of the eight four-member groups in this study exhibited a diamond-shaped interaction structure as most of the students participated in the interaction in a balanced way. Although not all the students demonstrated interaction relationships, interaction relationships were formed between two students, except for one section (Figure 2c) . Given that students D and A had the same degree of centrality (3), they led the inquiry activity, and the two other students actively followed; that is, two students acted as leaders.
Concerning the interaction patterns observed in the four-member groups, two groups exhibited a triangularbranched structure as one student was isolated (did not interact with anyone) and the three other students participated in the interaction on the whole. This type of interaction structure is formed when one student is alienated from the verbal interactions in the group due to his/her lack of linguistic participation in the inquiry activity compared with the three other students, and the rest of the students all form interaction relationships (Figure 2d) .
In small groups of four students, there was a difference of types depending on whether there were students with centrality. The results showed that one student with centrality was Type 4-A and Type 4-B, two students with centrality was Type 4-C, and any student without centrality was Type 4-D. The difference between type 4-A and type 4-B was the presence of interaction between students. Types 4-B and 4-C were different depending on how many students with centrality interacted with each other.
In relation to the verbal interaction structures that appeared in the four-member groups, six of the eight groups (75%) showed a participation-type structure, whereas the remaining two groups (25%) showed an alienation-type structure. Unlike in the three-member groups, the alienation-type interaction structure began to appear in the fourmember groups. In contrast to the findings of Kang, Kim, and Noh (2000) , however, which showed that the rate of the cases in which all the four students participated in the inquiry activity was about 10%, a high proportion of the small groups (75%) exhibited a participation-type interaction structure, in which all the members participated in the inquiry activity. In this regard, further analysis is needed to investigate the factors that determine the participation level of the small-group members in their inquiry activity.
Five-Member Groups
There were six types of interaction structures in the five-member groups in this study, as shown in Figure 3 . The first type of interaction was a radial-shaped structure in which one student was alienated and the four other students engaged in interactions around the leader (Figure 3a) . This type of interaction structure appeared in one group and showed one student having minimal verbal interactions with the others and thus being alienated, and the remaining four students building interaction relationships with one another around the student playing a central role.
The interaction case of a small group with the type-5A interaction structure showed that student B understood the inquiry process and told the others what to do next and that the other students got involved in the inquiry activity by relying on student B for information. As a result, student B came to build the interaction structure as a leader, with the highest degree of centrality (3) in this case. The next interaction structure type is similar to type 5A but is a structure that forms a small triangle as the leader, and the other students participate in the interactions (Figure 3b) . The conversations of the small groups that exhibited the type-5B interaction structure revealed that student A, positioned at the center of the interaction structure, coordinated and directed the overall progress of the interaction activity, as was the case for student B in the small groups that exhibited the type-5A interaction structure. Students B and E received confirmation from student A about what they should do in the inquiry process, and student C showed frequent interactions with student E while following the directions of student A. Student D. However, made comments unrelated to the inquiry or engaged in too much self-talk, which made it difficult for him/her to respond, thus failing to form an interaction relationship.
In addition, there was a structure that showed overall interactions among the students. In this case, although one student was alienated, the remaining four students did not fully rely on the leader and interacted with one another in the course of their inquiry activity. This type of interaction occurs when one student fails to form an interaction relationship and is thus alienated, but the rest of the students interact indiscriminately with one another to form interaction relationships without a specific degree of centrality (Figure 3c, d ).
This type of interaction structure can again be divided into type 5C, in which the interaction structure that has four students participate in the interaction forms a diamond shape, and type 2D, which shows a square shape. The difference between these two structures is that in the case of a square-shaped structure, four students have the same status as they all have a degree of centrality of 3, whereas in a diamond-shaped structure, two students have a degree of centrality of 3, and two have a degree of centrality of 2. A look at the structure of type 5C can confirm that almost all the students in the groups that exhibited such interaction structure interacted with one another, but no interaction occurred between students A and C.
The interaction example in Case 3 of a small group exhibiting the type-5D interaction structure showed an aspect that makes it slightly different from the type-5C interaction structure. The most noticeable finding was that the frequency of asking questions or of carefully guessing word meanings was much higher than that of issuing claims or commands. Although student B showed a tendency to sort out and answer the other students' questions, the other students also actively interacted with one another. As a result, all the students except student C came to achieve two-way (utterance-response) interaction. One of the eight five-member groups showed two students alienated and the remaining three students interacting to form a triangular interaction structure (Figure 3e) . The type-5E interaction structure appeared in 9 of the 31 groups in the research conducted on five-member groups . Such research claimed that this type of interaction structure appears when no members encourage the alienated members to participate in the inquiry activity or lead them in a positive direction (Kim & Kim, 2015) .
While there were small groups with two alienated members, some small groups showed a participation-type interaction structure (Figure 3f) . The interaction of these small groups exhibited a trapezoidal structure connected with three triangles. This interaction structure type is a kind of leader-centered structure in which all the other students interact with one another around student A; students B and E perform two-way interaction, and students E and D, and students D and C perform the one-way interaction. In addition, the leader usually plays a central role and takes the initiative in the inquiry activity. In this leader-centered structure, the students usually engage in twoway interaction or spoken (utterance) interaction with the other students even in the case of one-way interaction. Student A is playing a central role in this small group, however, was observed to have response interactions with students C and D.
Except for alienated students, the types 5-A, B, C and E were the same as those found in small groups of four. Type 5-D appeared only in a five-person group. This type of interaction occurred when four students interacted with each other and students interacted in two directions, such as types 5-E, 4-D, and 3-C.
The verbal interaction structures that appeared in the five-member groups in this study were all alienation-type interaction structures except for one group; as such, there were more alienation-type interactions than participationtype interactions in the five-member groups. It can be said that this is the same result as in the research that was conducted using the same method , which showed that the proportion of small groups that exhibited participation-type interaction structures was less than 30%.
In addition, the research conducted on scientifically gifted students , found that the structure in which two of the five students in the group were alienated accounted for 29% of the total, but only one group showed an interaction structure with two alienated members in the present study conducted on general students. The students' participation in the inquiry activity was also higher than that in the previous studies, starting with the data on the groups with four or more members. In this regard, further research is needed to investigate the probable causes of these differences, such as the external factors (e.g., the level and personality of the students) or the methods of analyzing the research results.
Six-Member Groups
The interaction structures that appeared in the six-member groups in this study can be largely divided into four types, as shown in Figure 4 . In four of the eight six-member groups, accounting for 50%, one student was alienated, and the five other students demonstrated the interaction structure with the shape of a webbed foot (Figure 4a) . The interaction structure among the five students (except for the alienated student) took the shape of a rhombus, whereas the diamond shape was connected with the alienated student, as in the type-5C interaction structure, an interaction structure type that appears in five-member groups. Regarding the degree of centrality, student D seems to have played the most central role, interacting with the four other students, while student C interacted with three students and led the inquiry activity together with student D.
Type 6B appeared in two small groups, and it showed a trapezoidal pattern of five students interacting with one another, with one alienated student (Figure 4b ). There was a leader-centered structure in which student B, who had a degree of centrality of 4, played a central role, except for one alienated student, as in the trapezoidal pattern in the interaction structure type found in the five-member groups, and all the members except student F participated in the inquiry activity around student B.
A look at the interaction example in Case 4 of a small group that showed the same interaction pattern as type 6B will reveal that student F was alienated because he/she did not participate in the verbal interactions and instead concentrated on writing the group report, as the group's secretary. Student B looked confident and took the leadership role as a centrally positioned member of the group in terms of the interactions, and students C and E, who interacted with three students, also provided many comments and directed the other students to proceed with the inquiry activity as part of the efforts for direct involvement (Case 4). The third type of interaction in six-member groups was observed in one group, and it has a structure that shows a flat shape with straight sides as one student was alienated, and there were interactions among all the other students, except for the interaction between students E and B (Figure 4c) . In this structure, three students have the same degree of centrality (4), and two other students (except alienated student A) also show active interactions. In addition, it can be predicted that as student D shows one-way interaction as a response relationship with two students, he/she will form an interaction relationship by responding to the opinions of others rather than presenting his/her opinions first.
The interaction structure to be introduced last shows an extreme one-person-centered interaction structure. More specifically, it has a radial structure in which student A, playing a central role, interacts with all the students, but there are almost no interactions among the other students, except for student A (Figure 6d ).
In the small group of six students, several central students showed up, indicating that the leader of the group was unclear. In the absence of a leader, it is reported that interaction and cooperation between members are limited (Lee & Chun, 2017 ) Therefore, if a leader was unclear in six small groups, it was difficult to direct members, provide information, or prioritize activities, etc. Therefore, it is considered inappropriate to comprise six members for the group's activities.
With respect to the interaction structures in the six-member groups, the alienation type appeared in seven groups, The ratio of participation to alienation-type interaction structures was the same as the ratio that appeared in the five-member groups. As one-on-one verbal interactions are most prevalent in small groups, the number of bystanders for a single verbal interaction increases as the group becomes bigger. In addition, although the same number of comments is made, the average number of interactions decreases as the small group becomes bigger, with an increasing number of members. For this reason, a lower interaction frequency, which is not significant in terms of the interaction structures, was recognized as an interaction relationship due to a low average interaction frequency or a low cut-off value.
In addition, the percentage of not being responded to was higher in the six-member groups than in the groups with fewer than five members. This is because as the group becomes bigger, the responsibility for answering the questions raised or responding to the opinions expressed is distributed. This result supports the results of the research conducted by Johnson and Johnson (1989) , who pointed out the risk of free-riding and the difficulty of reaching a group consensus in small groups with more than five members.
DISCUSSION
So far, the verbal interaction structures that appeared in the small groups in this study according to the size of the group were analyzed. There were no alienated students in the three-member groups, and alienated students began to appear in the four-member groups. In the case of the four-member groups, there were alienated students in two of the eight groups; further, seven of the eight five-to six-member groups exhibited an alienation-type interaction structure. These results are consistent with those of the previous research that suggested that there would be free riders in groups with more than four members (Johnson & Johnson, 1989; Park, 2006) . The diversity of verbal interaction structures among middle school students leads to the expectation that various changes will occur during the process of inquiry activities. This in turn suggests that the interaction structures may vary depending on the strategies used and that teachers can encourage all the students constituting small groups to participate in the interactions within such groups. That is, the strategy of forming small groups will have to be used for general students who show a high percentage of participation in structured-learning-type interactions (Lee, Kang, & Huh, 2009; Kim, 2006) . It is also expected that studies will be conducted on teacher feedback from inquiry activities and on changes in interaction structures after teacher intervention or feedback. The study will analyze the impact of teacher intervention on students' interactions in autonomous inquiry classroom.
As alienated students appear in groups with more than four members, both divisions of roles and assignment of responsibilities are required in such groups (Kim & Kim, 2004) . This strategy has proven to be very effective in encouraging the students to actively participate in experiments and classes, and in improving their scientific inquiry abilities.
There was a significant difference in the percentage of participation-and alienation-type interactions according to the presence or absence of a leader in the four-member groups. Specifically, four groups exhibited participationtype interactions in the presence of a leader, but only two groups showed participation-type interactions in four group activities without a leader. Therefore, there is a need to designate a group leader when forming groups with more than four members each so that no student is alienated.
Therefore, it is expected that research will be added to ensure that the interaction type is stable according to the presence of the leader. It also suggests research on how changes in interaction types and students who are alienated participate in interactions when they are assigned roles.
On the other hand, a leader was positioned at the center of the verbal interaction structure through active utterances and responses to the current situation. This type of leader consistently checked the current situation, asked questions about the subsequent activities, and answered the questions raised by the other group members while exploring information. This student generally responded to the other students' remarks before the other group members did, resulting in poor verbal interactions among the other members.
Research has so far been limited to analyzing the types of interactions. In future studies, it is expected that studies will be conducted on the types of interactions by individual characteristics such as gender, the type of leader's communication style. It will also be necessary to add research into whether there is a difference in the ability to explore science depending on the type of interaction.
CONCLUSIONS AND IMPLICATIONS
Conclusions
This study was designed to analyze the interaction structures that occur in a small group according to the size of the group, by applying such interaction structures to scientific inquiry activities in general middle schools. The interaction structures were visualized based on the frequency of utterances and responses made in the verbal interactions that occurred in the course of the scientific inquiry activities. The relationships of the members of small groups were analyzed by identifying the characteristics of the interaction structures. Students' verbal interaction was found different depends on group size. The optimal number of members of a small group is three, to avoid alienated members. In the three-member groups in this study, the participation-type interaction structure appeared regardless of whether or not there was a leader actively leading the inquiry activity in the group and it minimize the number of people alienated from the group's inquiry activities. It also found that most of the student groups consisting of more than five members in this study were found to have alienated members. Furthermore, the result of study also found the ratio of proportion's participation-and alienation-type interaction structures also depend on presence or absence of a leader.
Implications
Three members are required for a group to avoid alienated members in a scientific inquiry activity. In this study, when a group consisted of three members, all three participated in the verbal interactions during the inquiry activity, regardless of the presence of a leader with centrality within the group. Therefore, the formation of threemember groups is expected to increase the level of participation in scientific inquiry activities.
In this study, when there were more than five students in a group, there were alienated members who did not participate in the inquiry activity, which suggests that fewer than four members are required for a group to conduct a scientific inquiry activity. Most of the small groups with more than five members in this study exhibited an alienation-type interaction structure as they could not attend to the members who did not participate in their group interactions despite a leader and interaction centrality. This is because, as the size of a group increases, the responsibility for answering the questions raised or responding to the opinions expressed is distributed, and thus, the likelihood that active interactions will occur is lowered.
The formation of four-member groups is suggested herein so that the members who can lead the inquiry activity in each group can be positioned to reduce the number of alienated students who will not participate in the inquiry activity. In this study, when a leader actively led the inquiry activity in a four-member group, he/she interacted with all three other members and thus helped create a participation-type interaction structure. In the absence of a leader, alienated members appeared in 50% of the small groups in this study. Therefore, it is expected that if an active and positive student who can play a leading role is positioned in each group, the number of alienated members in inquiry activities will be minimized.
